This paper examines the effect of oil shocks on return and volatility in the sectors of Australian stock market and finds significant effects for most sectors. For the overall market index, an increase in oil price return significantly reduces return, and an increase in oil price return volatility significantly reduces volatility. An advantage of looking at sector returns rather than a general index of stock returns is that sectors may well differ markedly in how they respond to oil price shocks. The energy and material sectors (as expected) and the financial sector (surprisingly) are out of step (in different ways) with results for the other sectors and for the overall index. A rise in oil price increases returns in the energy and material sectors and an increase in oil price return volatility reduces stock return volatility in the financial sector. Explanation for the negative (positive) association between oil return (oil return volatility) and returns (volatility of returns) in the financial sector must be based on the association via lending to and/or holdings of corporate bonds issued by firms with significant exposure to oil price fluctuations and their speculative positions in oil related instruments. JEL Classifications: G12, G15, Q4
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Introduction
A great deal of research has been directed toward identifying the interaction between oil prices and stock prices. 1 In an early paper, Chen et al. (1986) use oil risk factor in explaining stock returns in US stock market. Jones and Kaul (1996) in an investigation of the effect of oil prices on stock returns in Canada, Japan, UK and US, establish a link through changes in cash flows on stock prices in Canada and US. Sadorsky (1999) finds a negative relationship between oil price shocks and aggregate stock returns for the US. In contrast to Huang et al. (1996) who find no significant effect, Ciner (2001) finds a negative connection between real stock returns and oil price futures when nonlinear effects are introduced. Recent work reporting that oil price increases lead to reduced stock returns includes O'Neil et al. (2008) for US, UK and France, Park and Ratti (2008) for US and 12 European oil importing countries, and Nandha and Faff (2008) for global industry indices (except for extractive industries). Driesprong et al. (2008) find that oil price change predicts stock prices in many economies. Apergis and Miller (2009) however, do not find a large effect of structural oil market shocks on stock price in eight developed countries. Basher and Sadorsky (2006) that the changes in oil prices are significant in determining the returns of many emerging stock markets.
Oil price shocks influence stock prices through affecting expected cash flows and/or discount rates. Oil price shocks can affect corporate cash flow since oil is an input in production and because oil price changes can influence the demand for output at industry and national levels. Oil price shocks can affect firm value by influencing the discount rate for 1 This research on the effect of oil prices on stock prices has been influenced and runs in parallel to a larger literature on the connection of oil price shocks with real activity. Much of this research has been influenced by Hamilton's (1983) connection of oil price shocks with recession in the US Hamilton's finding has been elaborated on and confirmed by Mork (1989) , Lee et al. (1995) , Hooker (1996) , Hamilton (1996 Hamilton ( , 2003 and Gronwald (2008) , among others. cash flow through affecting the expected rate of inflation and the expected real interest rate.
Higher volatility in oil prices also increases uncertainty at firms and in the economy with associated effects on firm value. Bernanke (1983) and Pindyck (1991) argue that changes in energy prices create uncertainty about future energy prices, causing firms to postpone irreversible investment decisions in reaction to the outlook for profits. 2 In this paper we study the effect of oil price return and volatility on the return and the volatility of return in the sectors of Australian stock market. The literature has considered the effect of oil price shocks on stock market returns, but has not focused on the effect of oil return volatility on the volatility of stock market returns. In addition, most studies on the effects of oil price shocks are of national country indices or on specific sectors such as oil and gas and transportation. Results for aggregate indices may mask interesting effects of oil price shocks at the sector level. This may be particularly true for the influence of oil price volatility on sectoral volatility since the standard deviation of sector stock returns usually exceeds the standard deviation of aggregate market returns (in Australia with the only exception is the consumer staple sector). The heterogeneity of sector response to oil price return and/or volatility can have implications for efficient portfolio diversification. 3 It is found that for the overall market index, an increase in oil price return significantly reduces return, and an increase in oil price return volatility significantly reduces volatility. The latter result follows since increased oil price volatility is associated with oil price changes that tend to move most stocks in a particular direction. For eight out of ten sectors (significantly so for six sectors) oil price return and stock price return move in 2 Recent papers that connect oil-related volatility and investment decisions include Kellogg (2010) who uses oil prices as a measure of uncertainty, Stein and Stone (2010) who use oil prices as an instrument for a stock-price based uncertainty measure, and Henriques and Sadorsky (2011) and Yoon and Ratti (2011) who connect oil price and energy price volatility to firm level investment decisions. 3 Fama and French (1997) find substantial differences in factor sensitivities across US industries. Both returns and volatility at the industry level provide significant information about the return and volatility process at the aggregate market level. Hong et al. (2007) identify the significance of industry level return to provide information about the movements of aggregate stock market. Thus, studying the return and volatility at the sector or industry level has significance in understanding the market. opposite directions, but for the energy and materials sectors increased oil price return increases sector returns. An increase in oil price return volatility significantly reduces stock return volatility for five sectors (including the energy and materials sectors), but significantly increases stock return volatility for the financial sector. The negative link between oil return and returns and the positive association between oil return volatility and volatility of returns in the financial sector must be based on the association via lending to and/or holdings of corporate bonds issued by firms with significant exposure to oil price fluctuations and their speculative positions in oil related instruments. Results are robust to consideration of the Global financial crisis in September 2008.
We use the GARCH-in-mean (GARCH-M) methodology to model the stock return behaviour of the sectors of the Australian market and to examine the effects of oil return and oil return volatility. The GARCH-M methodology allows an examination of whether stock return volatility is a significant factor in the determination of sector risk premia. 4 In the GARCH-M model estimated, oil price return and oil return volatility can influence sector return directly and also indirectly through oil return volatility influencing sector return conditional volatility. This provides a potentially rich set of oil price influences on sector return and volatility of returns. Data are daily from 31 March 2000 to 31 December 2010.
The organisation of the study is as flows. Section 2 discusses previous studies of the effect of oil price shocks on stock return. Section 3 discusses the data descriptive statistics.
Section 4 presents the GARCH-M model and the oil price volatility model. Section 5 presents empirical results and section 6 concludes.
Literature Review
This literature review is necessarily selective and will focus, beyond those papers already mentioned as examining the connection between oil price returns and country level stock price returns, on research on the influence of oil price returns on sectoral stock price returns, on research on the influence of oil price volatility on stock price returns, and on research on the influence of oil price volatility on stock price returns and volatility.
A number of papers have focused on the effect of oil price shocks on the returns of the oil and gas sector. Sadorsky (2001) and Boyer and Filion (2007) find a positive significant relationship between oil price shocks stocks returns for Canadian oil and gas companies, El-Sharif et al. (2005) report the same result for UK oil and gas companies as does Mohanty and Nandha (2011) for US oil and gas companies. Dayanandan and Donker (2011) report that oil price increases have a positive and statistically significant impact on the accounting profits of oil and gas companies in North America. Ramos and Veiga (2011) analyse the returns of the oil and gas sector in 34 countries and find that sector returns are significantly influenced by oil price returns. Nandha and Faff (2008) examine thirty-five global industrial sector indices and find that oil price increases negatively impact all sectors except the oil and gas sectors. In an analysis of transport sector in thirty-eight countries, Nandha and Brooks (2009) find that oil prices have a negative impact on returns in developed economies and insignificant effects on returns in Asian and Latin American countries. Arouri (2011) investigates the response of sectors of European stock market indices to oil price changes and finds that most European stock market sectors are influenced by changes in oil prices but that responses vary widely across sectors. Faff and Brailsford (1999) report that across 25 Australian sectors the oil and gas and diversified resources industries have a significant positive response to oil price shocks in contrast to a significant negative response to oil price shocks in the paper and packaging and banking and transport sectors. McSweeney and Worthington (2008) consider nine sectors in the Australian stock market find that higher oil prices have a positive effect on energy sector returns and a negative effect in the banking, retailing, and transportation sector. 5
Several papers have directly estimated the effect oil price volatility on stock market returns. Sadorsky (1999) shows that oil price shocks volatility generated by a GARCH process plays a role in explaining the US real stock returns. Park and Ratti (2008) find that for many European countries, but not for the US, increased volatility of oil prices, measured by monthly the sum of squared first log differences in daily spot crude oil price, significantly depresses real stock returns.
Only a few papers in the area address the effect of oil price volatility on the volatility of the stock price sector returns. Sadorsky (2003) considers oil price volatility and finds it as a significant factor in determining stock return volatility of the US technology sector. Hammoudeh et al. (2004) find that crude oil price volatility is associated with volatility of the S&P oil sector indices. Hammoudeh et al. (2010) examine the impact of oil prices on the stock return volatilities of 27 sectors in the US and report that increases in oil prices increase the return volatility for sectors that use oil intensively. Choi and Hammoudeh (2010) Table 1 . The annualised market return is 3.84% and the annualised crude oil return is 6.72% over the period. Most of the GICS sectors have positive monthly mean return with the exceptions being consumer discretionary, telecom and information technology. Energy (XEJ) and materials sector (XMJ) have the highest average returns, with annualised returns of 15.24% and 13.94%, respectively. The average return in a GICS sector is small in comparison to the standard deviation of returns in a GICS sector and the average oil price return is also small relative to standard deviation of oil price returns. The standard deviation of oil price returns is over twice the standard deviation of market returns and exceeds the standard deviation of returns in each sector. The standard deviation of daily returns in each sector exceeds the standard deviation of daily market returns in Australia.
The return series of the GICS sectors and oil price are not normally distributed.
Skewness is not close to zero and kurtosis is much higher than 3 for the return series. All return series are negatively skewed. The Jarque-Bera test (J-B) statistics reject the null hypothesis of normality in the distribution of the sample return series. As normality is the underlying assumption of the asset pricing models, modelling is challenging when the distributions of the return series are not normal. Given this limitation of the return distribution, ARCH and GARCH type models are attractive vehicles for analysis. The condition of non-normality of thick tails can be modelled by assuming a conditional normal distribution of returns. ARCH and GARCH class models can efficiently manage this nonnormality condition.
The results of unit root test statistics for the data are provided in Table 2 . The results indicate that GICS sector indices and oil price data are non-stationary in levels and are stationary as returns (first log differences). The ADF and PP tests do not reject the null hypotheses of a unit root when the data are in levels and reject the null hypothesis of a unit root data when the series are in return form. However, the value of KPSS test reject the null hypothesis of a unit root for data in both levels and first log differences implying the stationarity of the oil price return.
Model
The objective of this study is to investigate the effect of oil price return and oil price return volatility on return and the volatility of return on the sectors in the Australian stock market. An asset pricing theory approach is taken to investigate the interaction between stock returns and oil price return and is used to establish a relationship between risk and return and to identify the significant factors in determining stock returns.
The stock return model
We use the GARCH-M methodology to model the stock return and conditional volatility of stock returns. This methodology improves the specification of asset pricing theories, as Bollerslev et al. (1992) contend, since the GARCH-M model allows for time varying conditional variances of asset returns and a time varying risk premium.
The model consists of a return equation that includes the market return, oil price return and oil price return volatility, and the conditional volatility measure of returns, and a volatility equation that includes the oil price return volatility factor. Analytically, the model can be described as follows:
where t i r , is the excess return of the sector 
In the equation for sectoral return, equation (1) (1) and (2), oil price return and oil return volatility can influence sector return directly and also indirectly through oil price return volatility influencing sector return conditional volatility. This provides a potentially rich set of oil price influences on sector return and volatility of returns. The measure of oil price return volatility will be discussed below.
Oil price volatility
A generalized autoregressive conditional heteroskedasticity (GARCH) model will be used to generate measures of conditional variance to serve as approximations for oil return volatility. Univariate GARCH models have wide application in modelling volatility in oil prices. Kang et al. (2008) use various GARCH models to calculate the volatility of crude oil price. Narayan and Narayan (2007) use an EGARCH model to calculate oil price volatility across various sub samples. Sadorsky (2006) studies the appropriateness of various statistical models to capture oil price volatility and conclude that univariate GARCH model outperforms multivariate models in modelling of oil price volatility. Bollerslev et al. (1992) recommends the use of low-order GARCH models and the GARCH (1, 1) model in particular for a data series in which the sample autocorrelation function dies out slowly (as it does for oil prices). Sadorsky (1999) notes that volatility calculated from GARCH (1, 1) is well suited to study the relationship between oil price shocks and stock returns.
We estimate the following GARCH (1, 1) model:
where t o r , is the oil price return at time t, the volatility of oil price return at time t is measured by conditional variance 2 ,t o σ , which is a function of the squared values of the past residuals and an autoregressive term. The error term, t ξ , is a random variable with a zero mean and conditional variance 2 ,t o σ dependent on the information set 1 t I − . Table 3 reports estimates from the GARCH (1,1) model. All of the parameter estimates are statistically significant at the 1% level and based on the Ljung-Box Q statistics, there is no evidence of serial correlation in the standardised residuals. The model in Table 3 is used to provide estimates of oil price return volatility, 2 , o t σ , over 31-3-2000 to 31-12-2010 in estimation of the GARCH-M model in equations (1) and (2).
Hypotheses on the effects of oil prices
An advantage of looking at sector returns rather than a general index of stock returns is that sectors may well differ markedly in how they respond to oil price shocks. In equation (1) The parameter γ provides an estimate of the relationship between a sector's return and its own conditional volatility of sector returns and provides an estimate of the degree of intertemporal trade off between expected return in a sector and conditional volatility of return in that sector. Oil price volatility may indirectly influence sector return through impact on conditional volatility of sector returns.
In the GARCH class of models, the sectors' excess returns conditionally depend on market return, oil price return, and own volatility. In this case, the sectors' returns are also dependent on their own lagged return. The graphical presentation of returns in the different sectors in Figure 2 shows that the return in one sector depends on its previous period's return.
This supports the inclusion of autoregressive lag of one in mean equation.
Empirical Results
The results from estimating equations (1) and (2) For ASX and all the sectors, the mean is close to zero and the variance is 1. The skewness is negative for most of the sectors and the overall market, however; the value is close to zero. The GARCH-M process reduces the sample kurtosis, but fails to fully account for leptokurtosis. In most of the cases, the value of the kurtosis is more than 3. The J-B statistics for normality test suggests that the residuals are not normally distributed. The studies of Bollerslev (1987) , Lastrapes (1989) 
Results for the ASX
Results for estimating the model in equations (1) and (2) with no dummy variable to capture the effect of the Global financial crisis for the ASX market index are reported in the last column of Table 4 . The world stock index is used as market risk for the ASX. In the last column of Table 4 the coefficients 3 δ is negative and statistically significant at the 1% level of confidence indicating that an increase in oil price return reduces stock return. The coefficient 4
δ is statistically significant at the 5% level of confidence and indicates an increase oil price return in volatility raises stock return. An increase in oil price return volatility is associated with decreased ASX return volatility at the 1% level of confidence.
This could well happen, if greater error in predicting oil price returns which increases conditional oil price volatility also causes most sector returns to move in the same direction.
The parameter γ in the mean equation is positive and statistically significant at the 1% level, indicating a positive risk premium for expected ASX return for increased conditional volatility of ASX returns. This result also implies that oil price return volatility also has an indirect affect on expected ASX returns through its influence on ASX return volatility. The positive direct effect of oil price volatility on stock price return clearly dominates the negative indirect affect of oil price volatility on stock price (since 4ˆδ ργ − , where the math superscript carrot character indicates estimated value). For the ASX index, the null hypothesis of no effect of oil return volatility on either returns and/or volatility of returns (H o : 4 0 δ ρ = = ) is rejected at the 1% level of confidence.
The effect of oil price on sector return
The objective in this study is to identify the effect of oil price return and oil return volatility on the return and the volatility return in the sectors of the Australian stock market.
The oil return volatility also evaluates its effect on the volatility of the sectors. All sectors are not equally exposed to oil price risk factors i.e. some sectors are affected by oil shocks significantly and some sectors do not responsive to the oil price shocks. Industries differ with regard to oil (and energy) intensity in production, and in how demand for their products might vary in response to oil price shocks, and the energy sector in particular has a boast to revenue with an increase in oil (and energy) price that might well dominate other consequences of changes in oil price. Results from estimating equation (1) and (2) are reported in Table 4 .
In Table 3 all sectors except information technology (XIJ) and telecom (XTJ) are responsive to oil price shocks. The coefficient of oil price return ( 3 δ ) is statistically significant at the 1% level for six sectors, at the 5% level for the consumer discretionary sector (XDJ), and at the 10% level for the heath sector (XHJ). Oil price return is statistically insignificant for utility and telecom sectors. In the sectors other than energy and materials, increased oil price return reduces sector returns. Industrials (XNJ), consumer discretionary (XDJ) and consumer staples (XSJ) sectors use energy intensively in production and are significantly negatively impacted by an increase in oil price. Significant negative effects of oil price increases are also found for the financial, health, industrials and information technology sectors.
Increased oil price return significantly raises returns in the energy and materials sectors (XEJ and XMJ), sectors in which oil is a source of revenue. The materials sector includes chemicals (including petro chemicals). and mining (including coal). For the Australian energy sector we find that a 1% increase in oil price raises return by about 0.138%. The result is consistent with and analogous to findings that oil price returns are positively associated with the returns of oil and gas companies (a narrower classification than that of XEJ in this study). Sadorsky (2001) and Boyer and Filion (2007) , for example, find that a 1% increase in oil price raises the return of Canadian oil and gas companies by about 0.300%. Mohanty and Nandha (2011) report that a 1% increase in oil price raises return in the US oil and gas sector by between 0.207% and 0.378% depending on time period. Ramos and Viega (2011) report a smaller effect (about 0.144%) of oil price returns on returns in the oil and gas sector worldwide. Faff and Brailsford (1999) found for Australia (for sectors not strictly comparable to the GICS) that oil and gas and diversified resources have a statistically significant positive sensitivity to the oil price return. They found that oil price return had a statistically significant negative effect on paper and packaging, transport and banks. McSweeney and Worthington These studies are consistent with our findings, particularly the positive association between oil price returns and returns in the energy sector and the negative association between oil price returns and returns in the financial sector. McSweeney and Worthington (2007) note that the statistical significant response of banking stocks to oil price return may be an Australian phenomenon. However, in a recent study Arouri (2011) report a strong negative relationship between oil price changes and stock returns in the European Financials sector. Explanations for the negative association between oil prices and excess returns in the financial sector may be based on the fact that oil price shocks are recognized as playing a role in the business cycle and that bank stocks are important in investor portfolios. Elyasiani et al. (2011) also find a similar result for the financial sector in the US and contend that even though the financial sector is not directly related to oil production and consumption, association with oil occurs via lending to and/or holdings of corporate bonds issued by firms with significant exposure to oil price fluctuations and their speculative positions in oil related instruments.
Arouri (2011) Arouri (2011) also finds a statistically significant positive link between oil price increases and returns for the Oil & Gas sector and for Basic Materials. These findings are also consistent with our finds for the energy and materials sectors in Australia.
The effect of oil return volatility on sector stock return
The sectors in the Australian stock market are also exposed to conditional oil return volatility. The results in Table 4 show that returns in the energy (XEJ), materials (XMJ), financial (XFJ), information technology (XIJ) and Utility (XUJ) sectors significantly increase with an increase in oil price volatility. The exception here is the finding that returns in the industry sector (XNJ) fall with an increase in oil price volatility. These results are consistent with the finding by Elyasiani et al. (2011) that energy, material, and financial sector in US are positively related to oil return volatility. Elyasiani et al. (2011) contend that sector returns and conditional oil return volatility are positively related in sectors that may increase prices to customers when oil price is highly volatile rather than when oil price is stable. Returns in the consumer staples, consumer discretionary, health and technology sectors do not react significantly when oil return volatility increases.
The effect of oil return volatility on sector return volatility
The volatility of oil return is included to the variance equation (equation 2) to identify its effect on the sectors' volatility of excess returns. It is measured by and indicated by the coefficient ρ in Table 4 . Oil return volatility significantly influences sector volatility of returns at the 1% level of confidence for six out of ten sectors. An increase in oil price return volatility significantly reduces stock return volatility for five sectors (energy, materials, industrials, information technology, utilities), but significantly increases volatility stock return volatility for the financial sector (and the telecom sector, although this result is not robust as shown later). The positive association between oil return volatility and volatility of returns in the financial sector may be due to association with firms with significant exposure to oil price fluctuations and their speculative positions in oil related instruments. In the variance equation, the high value of the measure of shock persistence, i i α β + , is an indication that the effects of oil price shocks are highly durable. For the remaining sectors, the oil return volatility does not have any significant effect, suggesting the oil return volatility does not induce further volatility to those sectors. For the sector indices, the null hypothesis of no effect of oil return volatility on either sector returns and/or volatility of sector returns (Ho: 4 0 δ ρ = = ) is rejected at the 10% level of confidence for eight out of ten sectors.
The effect of market return and risk-return trade off
The estimated coefficient of market return represented by 2 δ indicates the response of sector return to market return in the Australian stock market. The coefficients of market return in Table 4 are statistically significant at 1% for all sectors. The results are consistent with theory and empirical results. The values of the coefficient, δ 2 , range from 0.5984 to 1.2541. Energy, materials and financials are the sectors most responsive to market movement, and consumer staples, telecom and utilities are the least responsive sectors to market movement.
The risk-return relationships of Australian sectors vary from sector to sector. In equation (1), the coefficient γ shows the trade off between sector return and conditional volatility of 2 t h , allowing time varying risk premium to affect sector returns. As the expectations of investors and the sectors are heterogeneous, the trade off relationship between risk and return is not same for all sectors. The coefficients of conditional volatility, γ , are statistically significant for energy, consumer staples, materials, health and utilities. For energy and consumer staples the coefficient is positive, consistent with conditional volatility being compensated by additional return. For materials, health and utilities the trade off is negative, suggesting an adverse risk return trade off over time. Glosten et al. (1993) , Ryan et al. (2004) and others also find a negative relationship between risk and return. Chowdhury (1996) mentions that when this risk-return trade off parameter is negative, the investors are penalized rather than rewarded for undertaking risk.
Global Financial Crisis
The sample period in this study over 31 March 2000 to 31 December 2010 embraces the global financial crisis, during which the financial system was thrown into turmoil. To assess whether the effect of the distribution of oil price returns continues to have the same impact on sector returns pre and post global financial crisis, we include a dummy variable in the equation (1) in the GARCH-M system (1) and (2). Dummy variables with different timing to capture the role of the global financial crisis will be considered in the regression equations estimated to check the robustness of results
The equations to be now estimated are given by Results from estimating equations (5) through (6) are reported in Table 5 for the market index ASX (in columns 1, 2 and 3) and the financial sector XFJ (in columns 4, 5 and 6). In Table 5 In Table 6 results from estimating equations (5) through (6) 
Conclusion
The main objective of this study is to measure the effect of oil price return and oil return volatility on the return and volatility of the sectors of Australian stock market respectively. The research also studies the risk-return trade off of these sectors. To facilitate the research, we consider conditional volatility as a measure of oil price risk and total risk of It is found that for the overall market index, an increase in oil price return significantly reduces return, and an increase in oil price return volatility significantly reduces volatility. The latter result follows since increased oil price volatility is associated with oil price changes that tend to move most stocks in a particular direction. For eight out of ten sectors (significantly so for six sectors) oil price return and stock price return move in opposite directions, but for the energy and materials sectors increased oil price return increases sector returns. In the energy and material sectors higher oil prices increase positive cash flows with resultant increases in sector returns.
In variance equation, the high value of the measure of shock persistence is an indication that shock effects are highly durable. An increase in oil price return volatility significantly reduces stock return volatility for five sectors (including the energy and materials sectors), but significantly increases volatility stock return volatility for the financial sector. The negative link between oil return and returns and the positive association between oil return volatility and volatility of returns in the financial sector must be based on the association via lending to and/or holdings of corporate bonds issued by firms with significant exposure to oil price fluctuations and their speculative positions in oil related instruments.
Results are robust to consideration of the Global financial crisis in September 2008. The results obtained from this study are of potential significant interest to investors and financial market participants. Since all sectors in Australia are not uniformly sensitive to oil price shocks, risk diversification possibilities across industries arise. JB-P Value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Table 2 : Unit root statistics of the sector, market and oil price returns Three measures of unit root are considered both at level and at first difference. Energy (XEJ), materials (XMJ), industrials (XNJ), consumer discretionary (XDJ), consumer staples (XSJ), health care (XHJ), financials (XFJ), information technology (XIJ), telecom (XTJ), and utility (XUJ). The series of first difference is represented by ∆. Also, two specification of with intercept (C) and intercept and trend (C & T) are considered. Here, ***, **, and * represent significance at the .01, .05, and .10 levels respectively. Notes: The GARCH (1, 1) model: GARCH (1, 1)-M estimates using daily data 31-3-200 
